information electronically with other health care organizations [8, 9] . In Arizona, for example, 36% of physicians engaged in e-prescribing; 26% electronically exchanged patient summaries; 28% exchanged electronic lab orders and 10% of physicians exchanged intervention reminders [2] .
Early discussions of EHRs implicitly assumed that HIEs would grow apace with the adoption of EHRs but many HIEs closed when government or philanthropic subsidies ended and the future of many active HIEs is uncertain [10, 11, 12, 13, 14, 15, 16] .
In 2012, the Arizona statewide HIE (The Network) served only 37 participants, mostly hospitals [2] . The inability to transfer EHRs electronically requires scanning or downloading medical records to paper to be faxed or emailed [7] . Each transaction reduces physician and staff productivity in the sending and receiving organizations.
The use of multiple types of records reduces physician and staff productivity relative to using a paper or electronic record alone. Comparisons of EHR users to non-users obscure differences in productivity among physicians that reflect differences in reliance on mutliple types of medical records. The resulting estimates, on average, are likely to understate the true productivity of EHRs alone.
We estimate a multivariate model linking physician productity to EHRs, comparing users to non-users and then compare the estimates to a model that includes EHRs combined with nonelectronic records. Results are also presented on the shortage of HIEs.
Physicians' rankings of the productivity effects of EHRs and the combinations of EHRs with paper and scanned records are compared to the estimates from the multivariate models. Statistically significant contributions to productivity from EHRs are only found in the model with record combinations included. Examples of the positive effects of EHRs include increases in productivity from e-prescribing which combines EHR use with networks for electronic exchanges. Physicians' perceptions strongly suggest that EHRs increase their productivity.
Background

Literature Search
Research on physician productivity and EHRs includes large national survey studies of office-based physicians and analyses of 1-50 primary care practices, often within a single State. We scanned Goggle Scholar and PubMed using the terms electronic medical record, electronic health records and physician produductivity through the year 2017. We found studies relating to the effects of EHRs on physician productivity, but none that considered the effects of combining electronic and non-electronic records.
Bae J and Encionosa WE [17] The results show that EHR use increases productivity among older PCPs but reduces productivity among younger PCPs. It also shows that physicians using EHRs increased face time per patient. The model does not, however, include information on the extent to which EHRs were used in combination with paper records.
Fleming et al. [18] [18] . Information was provided on both the workflow and financial outcomes of EHR use. Physician productivity was measured by work RVU per physician and, of particular interest to this study, visits per patient full time equivalent (FTE). Productivity decreased when EHRs were first adopted and gradually recovered but did not return to pre-adoption levels for a net decrease in productivity. No information was provided on the extent to which EHRs were combined with non-electronic records. [20] . The software included an EHR and a billing system. Productivity was measured in Relative Value Units (RVUs) per workday. One interesting result was an analysis of the effects of the delegation of tasks to non-physician staff. Increased use of EHRs and increased delegation of tasks increased RVU production but not the number of monthly appointments. The increases in productivity were restricted to larger (4+physicians) practices while both EHR use and delegation reduced productivity in smaller practices.
Furukawa MF provides a comprehensive study of the effect of EHR use on services provided per 20 minutes of a patient visit, using national data on 2,625 physicians and a sample of patients [21] . The services include: examinations, health education, laboratory tests, radiology procedures, nonmedication treatments and medications. The probability that a service was provided and the number of services provided are estimated. EHR use increased the probability that laboratory tests were ordered but reduced the number ordered. The changes in labortory tests were the only significant impact of EHR use. Most germane to our results, EHRs did not affect the duration of physician visits. No information was provided on mixes of electronic and non-electronic records.
Cheriff AD et al. compare average monthly patient visits to 203 physicians in a physician group who adopted EHRs versus "non-adopters" [22] . Average monthly patient visits increased but the intensity of visits (RVUs) declined. One problem is the definition of "non-adopters. " A proficiency score combining closed office appointments and lag times was calculated and a threshold value selected to distinguish between proficient and non-proficient EMR users. The "non-adopters" were EHR users who failed to achieve a threshold value for increased patient visits relative to pre-adoption. Patient visits to "non-proficient EMR users" were unchanged. The results are, therefore, more a comparison of proficient and non-proficient users than between users and non-users of EHRs.
The Model
Lacking a well established theoretical model of the effect of EHRs on physician productivity we follow previous studies by specifying an empirical model incorporating determinants of physician productivity that were identified in previous research.
We measure patient visits per hour in a "typical work week", defined by physician's survey responses. We regressed the log of (visits/hour) on EHR use in a base model with the treatment variable being "any EHR use (1, 0) ". An alternative model includes record types ranging from paper-only and EHRonly to combinations of EHRs with non-electronic records. The measures of physician utilization of EHR functions include: patient summaries; e-prescribing, lab results and reminders for interventions.. The control variables include practice type, specialty, practice size, and physician characteristics.
The base model is specified as: Both models are estimated for OFB and NOFB physicians.
The Data
Arizona State University (ASU) has partnered with the allopathic (Arizona Board of Medicine) and osteopathic (Arizona Board of Osteopathic Examiners) licensing boards to track all physicians with Arizona licenses since the 1990s [2] . ASU adds voluntary surveys to license renewals and merges survey responses with each physician's licensing data. Licenses are renewed every two years so the 2012-2014 cohort of eligible subjects included all physicians with Arizona licenses.
In 2012-2014, 14,013 or 84% of the 16,620 physicians practicing in AZ, responded to the survey. We excluded 1,056 retired or semi-retired physicians; 2,017 physicians who did not provide patient care and 3,215 physicians with incompleted answers. The analysis data set includes 7,726 physicians. [2] .
Results
Descriptive Data
The persistence of paper reflects the lagged transition from paper to EHRs while the growth in scanned records is evidence of the limited opportunities for electronic record exchanges.
The National Ambulatory Medical Care Survey (NAMCS) of office based (OFB) physicians excludes government practices and certain specialties [23] . We applied these criteria as closely as possible to create the samples of OFB and non-office based (NOFB) physicians described in Table 1 .
Office based physicians are more experienced (23 years vs. 20 years); more likely to be male and to be in smaller practices than NOFB physicians. They are much less likely to have EHRs (74% vs. 91%), relying more heavily on paper records alone (19% vs. 3%). Among physicians with EHRs, OFB physicians are less likely to use available EHR functions, with the largest difference being the use of lab orders (50% vs. 74%).
The differences between OFB and NOFB physicians represent different stages in the transition from paper to EHRs. NOFB physicians have nearly ended sole reliance on paper but the transition to EHRs is not complete. More than one-third of them combine EHRs+paper+scanned records and a slightly larger percentage use EHRs+ scanned records. The EHR +scanned record combination may be the last stage in the transition to reliance on EHRs alone, awaiting the expansion of HIEs.
Multivariate Estimates
We next compare estimates from the model that simply compares EHR users to non-users to results that better represent day-to-day practice by including combinations of EHRs with non-electronic records. The coefficients in Table 2 represent percentage changes for unit increases in the independent variables because outcomes are expressed in logarithms.
Among OFB physicians, pediatricians see 25% more patients per hour and surgeons see 49% fewer patients than other specialists. MDs see 10% fewer patients per hour than Doctors of Osteopathic Medicine (DOs). Productivity increases with practice size relative to solo practice but marginal returns decline from 19% (2-5 physicians) to 15% (6-50) and 13% (51-94).
The comparison of users to non users of EHRs (the base model) shows no significant effects of EHRs on productivity but significant effects are found in the model that includes combinations of EHRs with non-electronic records and the use of EHR functions.
The coefficients on the use of EHR functions represent the effects of a physician using a function compared to either not having an EHR or having an EHR but not using the function. Because the functions variables are correlated with the prevalence of EHR use, the higher the utilization of EHRs, the less likely that estimates for functional use will be statistically significant even though they affect productivity.
The productivity of OFB physicians, where the effect of EHR-only is not significant, is increased by the use of e-prescribing (+17.4%) and intervention reminders (+5.7%). Among NOFB physicians, where nearly everyone has an EHR and the overall effect of EHR-only is statistically significant (+6.9%). The use of e-prescribing increases productivity by +7.7%. The success of e-prescribing for both groups of physicians results in part from the well established electronic Notes: F tests ("F:") at the bottom of the page (probability significance levels) are for the joint significance of, respectively: functional uses of EHR, types of records used in practice (omitted: EHR+scan+paper), practice type (omitted: all otEHR office based), practice specialization (omitted: hospitalists), and practice size (omitted: 95+). Inclusion of practice size not only reduced sample size, but these variables were highly collinear with the otEHR variables in the analysis (VIFs exceeding 1000 with practice sizes). Federal hospital practice was too collinear to be included in the far right specification.
networks of retail chain pharmacies.
Among OFB physicians, paper-only records (19% of physicians) increase productivity by 15%. None of the combinations of records significantly contribute to productivity. The use of paper +scanned records by 3.4% of NOFB physicians increases productivity by 26.1%. Use of EHR-only increases productivity by +13.7% for 15.3% of the physicians. More than 60% of OFB physicians and more than 75% of NOFB physicians combine EHRs with non-electronic records. The combinations do not signficantly contribute to productivity.
The results suggest that the potential benefits of EHRs are limited by the burden of managing multiple types of records. In the absence of an interoperable network, EHRs are converted to paper and faxed or e-mailed as a scanned file, imposing costs on the sending and receiving organizations. The positive effects of e-prescribing for OFB and NOFB physicians exemplify the increases in productivity that are possible when EHR use is combined with health information exchanges. The productivity of EHRs can, therefore, be predicted to increase as the availability of Health Information Exchanges continues to increase.
Patient visits per hour is not the only component of physician productivity. To consider more comprehensive measures, we compared physician's rankings (on a scale of 1 (awful) to 5 (outstanding)) of the productivity effects of their EHRs, to the combinations of records that they used (Table 3) .
Both NOFB and OFB physicians ranked EHR-only as contributing the most to physician productivity and also the best contributor to staff productivity among OFB physicians. NOFB physicians reserve last place for EHR+scan, while OFB the types of services provided to patients. It is equally true that influences on productivity, such as the reliance on nonphysician health professionals, including scribes, could not be estimated from the data. This study is ,however, the first to measure the effects of the widespread mixing of electronic and non electronic medical records and can hopefully signal the need to pay more attention to the phenomenon in studies of the effects of electronic health records.
Discussion and Conclusion
This study analyzes the effects of mixing EHRs with nonelectronic records on physician productivity.
Estimates that simply compare EHR users to non-users fail to show the predicted increases in productivity from EHRs. EHRs are, however, typically used with non-electronic records. Including information on the combinations reveals that EHR functions, such as e-prescribing and intervention reminders, increase physicians' productivity.
The persistence of paper reflects the transition from paper to EHRs, but the increased use of scanned records with EHRs is caused by the shortage of health information exchanges.
The need to process multiple types of records limits the increases in productivity obtainable from EHRs. The realization of full benefits must await increased access to electronic exchanges to reduce reliance on non-electronic records. E-prescribing exemplifies the increases in productivity when EHRs are combined with an exchange.
The results are limited to Arizona but EHR utilization rates are similar to national averages and the number of physicians is unusually large. Many published studies of physician productivity rely on samples of less than 100 physicians.
The EHR brands used by Arizona physicians are widely used throughout the United States, so the results should not be affected by interstate differences in the design of EHRs.
One important limitation of this study is the reliance on patient visits per hours as the primary measure of physician productivity. Although the measure is used in many studies, there are other important dimensions of productivity, such as Notes: Rankings are 1=awful and 5=outstanding. Mean rank given in each cell. *= number of physicians submitting productivity ratings. Table 3 : EHR effects on productivity ranked by physicians 2012-2014.
